THE AUTHOR'S REPLY
Levy quite correctly points out that the gain in signal-to-noise ratio (SNR) to be expected when using a Fresnel zone plate is dependent on the nature of the source intensity distribution. Only for a single point source can the large collection efficiency of the zone plate be translated directly into a corre sponding reduction in dose or exposure time. This fact was discussed in our earliest publications (1â€"3)
on this subject, and a simplified derivation of the SNR has recently been published (4). A very de talled treatment of quantum noise in zone plate imag ing, taking full account of the spatial distribution of the noise field and the limited spatial bandwidth of the reconstruction system, has been submitted for publication (5).
Although Levy's mathematics is much oversim plified (most of his equations are not even dimen sionaily correct), his approach is sound. The result that the SNR gain g is related to the ratio of the intensity at the point of interest to the average in ensity of the source is also correct. An equivalent statement is given in Ref.
3. However, it definitely does not follow from this that â€oethenature of the image and the origin of the noise in nuclear medicine does not generally enable us to use the advantagesâ€• of the zone plate or that the â€oegain in SNR will be significant only for the point of the image far su perior to the average of the image.â€•
The difficulty here is in specifying just how this â€oeaverageof the imageâ€• is to be computed. In fact, although Levy does not put limits on his integrals, they should be performed over a region approxi mately equal to the zone plate shadow (5). For cx ample, with a 5-in.-diam zone plate used with a 10-in. diam Anger camera and unit magnification (s, = 52 lfl the notation of Ref.
2), the average must be taken over a 10-in. disk. For a uniform flood source of this size or larger, each point will have the same intensity as the average. The gain g will then be a little less than one and there will be a slight disad vantage to the zone plate compared with the equiva lent pinhole. At the other extreme, for a point source, g is approximately equal to the collection efficiency advantage and can be as large as a thousand or so
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We greatly appreciate Dr. Levy's comments re garding the signal-to-noise (SNR) in coded aperture imaging and agree with his comments regarding the gain in SNR for strong sources with corresponding loss for weak sources.
In order to treat the problem completely, one must (provided, of course, that only quantum noise is present).
Real clinical situations usually lie between these two extremes. Perhaps liver and lung imaging, where the object nearly fills the field, approach the flood source limit, but certainly in bone, thyroid, and kid ney imaging the area of the object is small compared with the area of the zone plate shadow and there will be a significant advantage to the use of a zone plate.
On the other hand, the overall usefulness of the zone plate should not be assessed on the exposure time advantage alone. In our laboratory we have been using the zone plate primarily with x-ray film as the detector (3,6) . This combination is substan tially slower than an Anger camera and collimator but offers advantages in resolution, simplicity, and portability and, as noted by Levy, tomographic capa bility. On the negative side, the photographic and optical processing is still somewhat tedious and time consuming and there is the possibility of artifacts in the image (3) . This camera has been used success fully in a variety of clinical studies (7) and is in deed capable of imaging large organs (8).
H there will be studies in which an appreciable gain in signal-to-noise will be realized. Among these are blood flow, skeletal, and small organ imaging. By way of illustration, a two-dimensional digital simula tion has been performed for the case of a pair of adrenal glands. A continuous source distribution having width and depth was â€oeviewedâ€• with equal resolution and for equal time with a pinhole and a stochastic aperture of m = 0.5. The source distri bution is shown in Fig. 2 . Two adrenals are depicted in a background which increases to the right to simu late the liver. The pinhole image is shown at the top of Fig. 3 where the relative intensity is equal to the detected counts in each detector element. The image reconstructed from the stochastic aperture is shown at the bottom. The calculated error is approximately uniform across this image (from Fig. 1 ) and is equal to I .5 relative intensity units. The error in the left adrenal peak height is 13.9% . The pinhole data which must be averaged over three detectors shows an uncertainty of 23.5 % . In order to achieve com parable accuracy the pinhole exposure would need to be increased a factor of 2.9. Further improvement could be obtained by optimizing the mean transmis sion of the aperture for this source distribution. The above example is somewhat limited and serves to illustrate only one aspect of coded aperture imag for stochastic apertures of various mean transmission, m. In order to obtain the error distribution in the image, the object distribution must be convolved with the error kernel. One can see that as m gets small, approaching the pinhole as a limit, the variance increases but is spatially localized. As the mean trans mission is increased, the error is locally reduced but increased over the rest of the field. For m = 0.5 the distribution is uniform and closely approximates the case of a zone plate which fills the detector field.
There are many instances in nuclear medicine in which the image does not fill the detector field effi ciently. Since the average image intensity should be determined as an average over the entire detector, Volume 15, Number 3 ing. The overall significance of coded aperture imag ing is the added freedom which the technique can bring to the solution of nuclear medicine imaging problems. For instance, the relationship between aperture transmission and the shape of the error ker nd illustrated in Fig. 1 provides a flexibility which allows some control over the error distribution in the image. The problem of detector uniformity be comes greatly reduced with coded apertures since the coded image is spread over a large area of the detector. The advantage of coded apertures cited by Dr. Levy and others (2) in the case of detector noise permits, for example, consideration of gamma-ray detectors utilizing large diameter, efficient photo cathodes, with correspondingly increased thermal noise. Or, film may be used as a detector in spite of its intrinsic fog level and the small number of film grains exposed by an interacting gamma-ray (3). One also has the option of designing apertures with spatial frequency response functions tailored to spe cific needs.
These are some of the reasons we feel that coded aperture imaging stands an excellent chance of bringing significant advances in nuclear medicine and willprovidea fruitfularea of researchfor some time to come in spite of the fact that the gain in imaging efficiency does not simply equal the gain in solid angle. In 1969 we designed a coding system to fit our special needs. We feel it has worked so well for us that it may be of interest to others. It uses code cards, computer punch cards, a two-digit ffling system, an alphabetic card ifie, and unit record equipment, i.e., an IBM 407 accounting lister, an 082 card sorter and an 026 card punch, for processing the files. The 5 x 8 in. code card servesas an alphabetic cross-file card. It is imprinted with groups of rectangular blocks representing the 80 columns on a punch card as shownin Fig. 1 , purposelyarrangedin four rows.
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The receptionist ifils in the top row with the pa tient's personal information : social security number, last name, initials, and last two digits in the year of birth. If the name is longer than 10 letters, the tenth letter is replaced by an asterisk. The card with this information is attached to the study request and given to the technologist.
The second row is completed by the technologist and containsstudyor test information.Spaceis pro vided for entering the date of the test, the amount of radioactivity and its unit (mCi or PCi), the route of administration, the procedure, and the instrument. The isotope is identified by its mass number. Mne monic code characters are used in this row so they can be remembered easily but a listing of the code is kept readily available. Below are examples of the study code. 
